A 26-year-old black woman underwent evaluation in the emergency department after two weeks of worsening nausea, vomiting and fatigue. Her medical history included having had malaria at eight years of age, for which she had received treatment in Eritrea. A complete review of systems was unremarkable aside from a two-day history of a mild bitemporal headache. The patient stated no recent changes in her dietary habits or bowel movements. She did not take any medication or over-the-counter products, and she had never used illicit drugs. She had no history of venous thromboembolism.
The answer is (e). All of the above are appropriate diagnostic tests for further workup of a hemolytic anemia for this patient. We excluded disseminated intravascular coagulation on the basis of a normal fibrinogen level and normal coagulation studies. To evaluate for autoimmune hemolytic anemia, we ordered a direct Coomb test, which was negative. This result, combined with a normal total complement test, allowed us to conclude that a diagnosis of autoimmune hemolytic anemia was unlikely. Direct Coomb tests have a sensitivity of 90%-95% and specificity of 99% in diagnosing autoimmune hemolytic anemia. 1 We chose to order a rapid malaria antigen test even in the absence of recent travel, given our patient's medical history. The test was negative. To assess for underlying microangiopathic hemolytic anemia, we requested a peripheral blood smear, which showed polychromatophilia, macro-ovalocytes, hypersegmented neutrophils and large platelets (Figures 1 and 2 ). In addition, schistocytes and fragmented cells were present ( Figure 2 ). The answer is both (a) and (e). Both microangiopathic anemia and cobalamin (vitamin B 12 ) deficiency should be considered. Although our patient was originally from Sub-Saharan Africa, she had no history of sickle cell crisis and, with an absence of sickled red blood cells on peripheral smear, this diagnosis remained low on our differential. Paroxysmal nocturnal hemoglobinuria was possible given the presence of hemolysis with iron deficiency; however, it was unlikely, given our patient's negative history for venous and arterial thromboembolism, and the absence of leukopenia. Thalassemia could present with hemolytic anemia; however, our patient's peripheral smear showed macrocytosis as opposed to microcytic hypochromic anemia, which is classically seen in thalassemia. The presence of schistocytes and fragmented cells supported a diagnosis of microangiopathic hemolytic anemia. At this point, our differential diagnosis included thrombotic thrombocytopenic purpura/hemolytic uremic syndrome (HUS) given the presence of thrombocytopenia and the findings consistent with microangiopathic hemolytic anemia on the peripheral blood smear. Thrombotic thrombocytopenic purpura was lower on our differential given the absence of other associated features, such as altered mental status, renal failure and fever. However, our patient presented with a bitemporal headache and mild thrombocytopenia, which cautioned us to keep this life-threatening diagnosis in mind. regarding HUS, the patient did not have any history of food-borne illness, exposure to a contaminated water supply or any preceding episode of diarrhea. Furthermore, she had relatively mild thrombocytopenia without the evidence of acute kidney injury commonly associated with HUS. Box 1 summarizes the differential diagnosis of thrombotic microangiopathy. 2 We considered vitamin B 12 deficiency in our differential diagnosis given the presence of megaloblastic changes on the peripheral blood smear, including macro-ovalocytes, giant platelets and hypersegmented neutrophils. Furthermore, the inappropriately normal reticulocyte count in the context of Multiple mechanisms Gradual onset of renal failure over weeks or months
Hereditary disorders
Thrombotic thrombocytopenic purpura ADAMTS13 deficiency (homozygous or compound heterozygous for ADAMST13 mutations)
Usually presents in children (also possible in adults); acute kidney injury is uncommon severe anemia pointed to underlying bone marrow failure. We administered 1 unit of packed red blood cells, and her hemoglobin increased to 73 g/L with marked improvement in her symptoms. She was subsequently discharged home with vitamin B 12 (1000 µg subcutaneously daily for six weeks, then monthly), folic acid (5 mg orally daily) and iron sulfate (300 mg orally daily).
At six weeks' follow-up, her symptoms had completely resolved, with normalization of her blood counts (hemoglobin 137 g/L, platelets 279 × 10 9 /L) and no signs of hemolysis (normal lactate dehydrogenase and total bilirubin). Of note, her serum vitamin B 12 level normalized, suggesting recovery of her tissue stores. In the context of combined vitamin B 12 and iron deficiency, we strongly suspected a gastrointestinal malabsorption disorder. Our patient had no anti-intrinsic factor antibodies, but she did have antiparietal cell antibodies, which suggests but is not diagnostic of pernicious anemia. As part of the workup for her severe vitamin B 12 deficiency, she underwent a gastroscopy with biopsies that were consistent with autoimmune atrophic gastritis.
Discussion
Clinical manifestations of vitamin B 12 deficiency are often subtle; however, the consequences of this condition can be serious, with the potential of reversible bone marrow failure and demyelinating disease of the nervous system. Existing case reports and case series have reported substantial heterogeneity in the clinical presentation of patients with hemolysis secondary to vitamin B 12 deficiency. [3] [4] [5] [6] [7] [8] [9] [10] [11] In our review of the literature, these patients most commonly presented with fatigue, asthenia, sensory neuropathy or jaundice. A small proportion of patients, however, presented asymptomatically, with evidence of hemolysis noticed incidentally on blood work (Box 2).
In the largest study involving patients with documented vitamin B 12 deficiency, Andrès and colleagues examined hematologic findings in 201 consecutive patients. 4 The results showed that less than half of patients presenting with vitamin B 12 deficiency had the classical hematologic features of macrocytosis and hypersegmented neutrophils on peripheral blood smear. Nearly one-third of patients presented without any hematologic findings. Life-threatening hematologic findings including symptomatic pancytopenia, pseudothrombotic microangiopathy and hemolytic anemia were found in about 10% of patients. 4 Other studies in the literature have reported varying hematologic findings including pancytopenia 9 or autoimmune hemolytic anemia with a positive direct Coomb test result. 11 Varying blood smear features have been reported, including hypersegmented neutrophils and macrocytosis, schistocytosis, normocytic and normochromic anemia, anisocytosis and poikilocytosis. [3] [4] [5] [6] [7] [8] [9] [10] [11] In our literature review, patients who presented with hemolysis usually had vitamin B 12 levels of less than 100 pg/mL. A few case reports, however, have described hemolysis in patients with vitamin B 12 levels between 100 and 200 pg/mL (Box 2).
The presentation of patients with vitamin B 12 deficiency can be quite diverse, with varying clinical and hematologic findings that can mimic other illnesses. The peripheral blood smear is an essential first step in investigating the cause of hemolysis, and evidence of megaloblastic changes and schistocytes should direct a physician to suspect vitamin B 12 deficiency as the cause of the anemia.
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